-4 -having that at Δ14-position. It is the first report that the fatty acid desaturase 1 (MAW3) is shown to have Δ12-and Δ15-desaturation activities for a 16-carbon 2 fatty acid, in addition to its major function, ω3-desaturation activity. confirmed that the gene product (MAW3) converts n-6 PUFAs into n-3 PUFAs (6).
16
MAW3 possesses three histidine rich-cluster motifs containing eight histidine residues 17 that are proposed to form an active-site domain and two hydrophobic
18
-6 -membrane-spanning regions in its deduced amino acid sequence (6,7). Similar to 12-1 and 3-desaturases found in other organisms, MAW3 has no cytochrome b 5 motif in its 2 structure (6, 8, 9) . Overexpression of maw3 gene in M. alpina 1S-4 through 3 Agrobacterium tumefaciens-mediated transformation led to an increase in EPA 4 production contributing to 40% of total fatty acid content (10). compositions were analyzed by GC (Fig. 1A and 1B) because the retention time of the UK1 was consistent with that of an authentic standard 7 (Fig. 1C) . 
15
The gap of 41 amu between m/z 262 and 303 in the mass spectrum of UK2 (Fig. 2B) 16 suggested a double bond at the Δ14-or Δ15-position. To determine a position of a 17 double bond at methyl terminal of UK2 completely, the FAME of UK2 showing 95%
18 -14 -purity on GC chromatogram was applied for 1 H-NMR analysis (Fig. 3) and DQF-COSY 1 analysis (FIGURE S1 also exhibited Δ15-desaturation for 16:2 9cis,12cis with a high conversion rate (83.0%).
5
The previously reported bifunctional Δ12/Δ15-desaturases mainly act as a , 126, 140, 154, 168, 182, 196, 208, 222, 236, 248, 262, 276, 9 276, 290, and 305. 
